Puska, M. J.; Nieminen, R. M.; Manninen, M. We present the results of calculations for the ground-state electron structure, static polarizability, and dynamic response of small metal (jellium) spheres in vacuum or embedded in a dielectric. Fully self-consistent time-dependent density-functional methods are used. In particular, the static and dynamic responses to an incident electric field (dipolar polarizability and photoabsorption) are obtained. The results show substantial deviations from either classical or approximate quantummechanical solutions, and provide reference data for simplified treatments.
The organization of the paper is as follows. In Sec. II we present the basic theory for the electronic structure, response functions and polarizability.
The numerical results are given in Sec. III, where the main emphasis is placed on (i) size effects in the static polarizability, (ii) effect of the embedding dielectric, and (iii) the photoabsorption spectrum. Section IV contains a short summary.
II. THEORY
A. Ground (3) - (5) constitute a spin-independent formalism. The generalization for a spin-dependent form is straightforward but in the present work we focus on the spin-independent case.
The electrostatic potential P(r) in Eq. (5) 5n(r, co) = f dr'X (r, r', co)5u,ff(r', fo),
where Xo(r, r', co) is the response function (susceptibility) for the noninteracting system, represented by the set of 
or a(co)= -, m' dr r a(r, cg) .
(22)
In general, a(r, co) and a(er) are complex quantities. The imaginary part of the a(co) is related to the photoabsorption cross section o(co) by and the total polarizability a(co) using the total induced dipole moment p, The total effective potential and its Coulomb part are shown in Fig. 4 Figure 7 shows the radial distribution of the static induced dipole-moment density ', mr a(-r) for the Li jellium sphere with 20 electrons. Most of the induced density is concentrated near the surface of the sphere, and the region outside the jellium edge is very important. This clearly explains how the previous models, in which the charge density is confined inside a hard wall sphere, give smaller polarizabilities, smaller than the classical result n,]", --R .
This induced dipole-moment density has a counterpart in the calculations of Lang and Kohn for jellium surfaces.
They calculated the induced charge density near the surface when a uniform perpendicular electric field is switched on. The resulting charge density near the surface and outside it is rather similar to the case of the jellium sphere in Fig. 7 and the profile for the sphere approaches the flat surface results when the sphere radius increases. However, although the approach is rather rapid for the surface region, the oscillations inside the sphere approach the Friedel oscillations of the flat surface much more slowly due to the discrete level structure in the jellium sphere. Figure 8 shows the effect of the dielectric medium around the jellium sphere on the static polarizability. The polarizability increases and saturates rapidly as the dielectric constant of the medium increases. The saturation comes about as the Coulomb potential approaches zero outside the jellium sphere as shown in Fig. 4 . We emphasize that the behavior of the polarizability in Fig. 8 is obtained using the model in which only the Coulomb part of the total effective potential is affected by the dielectric medium. For example, the physical exchange and correlation with the "bound" electrons in the dielectric medium would lower the potential outside the jellium sphere and increase the polarizability even further. It is interesting to note that the enhancement of the polarizabiilty by the embedding insulating medium is a quantum-mechanical effect in the sense that classical electrostatics predict no change in the induced dipole moment when a perfectly conducting sphere is placed in a dielectric. Eq. (23), in a way which mimics finite-lifetime effects. Figure 9 shows the photoabsorption cross section for a two-electron system. The dashed curve is calculated using the independent-particle-response function Xo, or equivalently, the two electrons respond independently to the external perturbation U", -The solid curve gives the cross section in the case where the electrons interact during the external perturbation, i.e. , response function g [Eq. (11) ] is used [or, equivalently, the electrons respond independently to the change in the total effective potential (10)]. The peak in Fig. 9 is due to the ls-lp particle-hole excitation. The peak has a finite height and width due to the imaginary part 6 in co. In the case of independent Figure 10 shows the calculated photoabsorption cross sections for the Li jellium sphere with 20 electrons. Now there are several particle-hole excitation modes corresponding to the level structure of Fig. 3 4%. Ekardt, Phys. Rev. B 29, 1558 .
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